Palms ( *Phoenix* ) constitute one of the important botanical families, and include some of the world's most important economic plants. Date palm ( *Phoenix dactylifera* L.) has long been one of the most important fruit crops in the arid regions of the Arabian Peninsula, North Africa, and the Middle East ( [@ieu118-B10] , [@ieu118-B12] ). It has been cultivated in North Africa and the Middle East for at least 5,000 yr ( [@ieu118-B29] ). It plays by now an undeniable role in maintaining human populations in arid regions where natural resources are limited and living conditions are difficult. So, it is a stabilizer of economy in these regions, where production of dates provides jobs for estimated 50 million people, 35% of which are located in the North Africa ( [@ieu118-B13] ). In Tunisia, particularly in southern regions, the culture of date palms plays an important role, both at socioeconomic and ecological levels ( [@ieu118-B14] ). So, there are about 10% of the population who earn their living from the palm dates' sector ( [@ieu118-B20] ).

Date palms are afflicted with many diseases and pests ( [@ieu118-B19] , [@ieu118-B15] ), and the nature and severity of the problems vary with cultivar, location, weather, and cultural practices ( [@ieu118-B8] , [@ieu118-B28] ). For example, in their review of pests and diseases of the date palm, [@ieu118-B8] reported more than 50 species of insects and mites as pests of date palms in various countries.

In North Africa, there are many species of insects and mites considered serious pests to palm, that have without any doubt negative impacts on their normal growth and production ( [@ieu118-B18] ). The mite *Oligonychus afrasiaticus* McGregor (Acarina: Tetranychidae) affects essentially the fruit ( [@ieu118-B7] , [@ieu118-B9] ). The white scale *Parlatoria blanchardi* Targ (Hemiptera [:]{.ul} Diaspididae) colonizes all parts of the tree with the heaviest infestation at the base of the leaves and crown ( [@ieu118-B21] ). The larva of the moth *Ectomyelois ceratoniae* Zeller (Lepidoptera: Pyralidae) infests the dates internally. An emerging pest of date palm declared since 1995 ( [@ieu118-B22] ) is the *Oryctes agamemnon* Burmeister (Coleoptera: Scarabaeidae), which was accidentally introduced from the middle East into the oasis of Tozeur in south-western Tunisia ( [@ieu118-B22] ), where it was spread to others oases in the same region, including the oases of Rjim Maatoug in the governorate of Kibili ( [@ieu118-B26] , [@ieu118-B27] , [@ieu118-B11] ) where this study was conducted. *O.agamemnon* also occurs in Egypt, Saudi Arabia, and the Persian Gulf of Iran ( [@ieu118-B5] , [@ieu118-B17] , [@ieu118-B25] , [@ieu118-B6] ). *Oryctes* larvae have strong mandibles and as a result they can cause severe damage mainly on the collar and the root system ( [@ieu118-B26] , [@ieu118-B11] ). The adults can make a little damage on the petiole and the cluster ( [@ieu118-B11] ).

Chemicals, biological control, pheromone trapping, quarantine, and sanitation practices are used to control insect pests of date palms ( [@ieu118-B19] ). Different control measures, that have been considered, have been only partially successful in controlling the spread of *Rhynchophorus ferrugineus* in Saudi Arabia ( [@ieu118-B23] ) as has been found also in other countries ( [@ieu118-B1] ). It has been reported that males of *Orycteselegans* (Hallett et al. 1995) and *Oryctesrhinoceros* ( [@ieu118-B25] ) produce aggregation pheromones that help conspecifics locate one another on palm trees. Understanding the bioecology of these species is essential in developing new control strategies.

Light traps have been introduced by many researchers as means of monitoring beetle populations, as well as a method of physical control ( [@ieu118-B28] ). In this study, light trap was used as a monitoring tool to detect the time of appearance of adult *O. agamemnon* , in Rjim Maatoug date palm plantations and to provide data regarding the size of population, the number of generation, the seasonal and nocturnal activities, and the sex ratio.

Materials and Methods
=====================

### Study Area

This study was carried out in the oases of Rjim Maatoug located in the Saharan region of the southwestern Tunisia (33° 19′ 266″ N and 7° 58′ 554″ E) ( [Fig. 1](#ieu118-F1){ref-type="fig"} ). It is an area which lies within 120 km in the south west of Kebili. It is characterized by a continental Saharan climate, with an average rainfall \<100 mm, an average temperature of 21°C with extremes of +55°C in summer in the shade and −7°C in winter, potential evapotranspiration = 2,200--4,300 mm. The survey was carried out in the experimental orchard of the Office of Development of Rjim Maatoug which has a mean planting space of 9 by 9 m. The principal vegetation was date palm trees with predominance of the Deglet Noor variety, associated with other crops species.

![The geographic location of study area.](ieu118f1p){#ieu118-F1}

### Seasonal Activity

Solar energy based light trap ( [Fig. 2](#ieu118-F2){ref-type="fig"} ) was used during the period of this study. Except 2004 when the survey was not regular, the examination of trap was made weekly all along the years of survey with the aim to determine the starting time of flight activity, the duration of flight period, and the interruption of seasonal activity. Monitoring started since July 2004 date of installation of the trap on the oases and during 2005, 2006, 2007, 2009, and 2010. The trapped insects were numbered and sexed.

![The light trap. The trap was designed and manufactured by ourselves with the help of private society specialized in solar energy. The trap is made up of an overcome support of a square funnel divided in four parts. The funnel itself is surmounted by a wooden carpentry which vertically supports four Plexiglas plates to facilitate fallen off insects in the funnel then they will be guided to the buckets of recuperation by means of plastic tube. All of these are supported with a framework of iron. This trap is equipped with a solar plate, a system which transforms solar energy into D.C. current, a battery to store the current, and a system which ensures the automatic starting of the light 10 min after sunset. A neon lamp with a white light color was used.](ieu118f2p){#ieu118-F2}

### Nocturnal Activity

Night-time activity for this study was released by the same light traps ( [Fig. 2](#ieu118-F2){ref-type="fig"} ). The duration of the flights was determined by sampling flying insects at 1 hr intervals that began from close to dusk and lasted until 1 h after dawn. The number and sex of beetles in each hour was recorded. The monitoring was done in a period of high trapping success during seven nights in August 2009.

### Sex Ratio

The adults of *Oryctes* were sexed by examination of the clypeus; males have a cephalic horn that is larger than females ( [@ieu118-B25] ). For the insects having a small size, the determination of sex is realized through the examination of the end of the abdomen ventral face ( [@ieu118-B11] ). For the male, the last segment is narrow with more or less parallel edges and with a notch in the middle of the posterior edge, whereas for the female the last segment is clearly triangular with a point in the middle of the posterior edge, and females have a smaller, triangular, red marking. We determined the ratio of female to male (female/male) of *O. agamemnon* collected during the period of monitoring to test whether equal numbers of males and females are attracted to the traps.

Result and Discussion
=====================

### Seasonal Activity

In total, 7,750 beetles were collected during the 5-yr survey. The number of the trapped insects shows a remarkable increase from one year to another. It is about five times between 2004 and 2009 and plus then three times between 2005 and 2009. Introduced years ago, probably that the insect found a favorable medium and climate for its proliferations, and the gradually increasing beetle capture over the years indicates increasing beetle population in that particular location.

In fact, except the year 2004 ( [Fig. 3](#ieu118-F3){ref-type="fig"} a), when the survey was not regular more or less stable flight of *O. agamemnon* toward the light trap was recorded from later May to early June for the first 10-d period of November ( [Fig. 3](#ieu118-F3){ref-type="fig"} a--f). With no beetle activity was observed during January, February, March, April, and December. [Figure 3](#ieu118-F3){ref-type="fig"} b--f has much the similar flight activities of the beetle. Beetle emerges in early June, reaches its maximum flight activities in late July to early August, and sometime in early October to early November flight activities are ceased.

![Seasonal activity of *O. agamemnon* . (a)Year 2004; (b) Year 2005; (c) Year 2006; (d) Year 2007; (e) Year 2009; (f) Year 2010.](ieu118f3p){#ieu118-F3}

The results show that the populations peaked once each year. The peaks were recorded in different years in late July to early August ( [Fig. 3](#ieu118-F3){ref-type="fig"} b--f). After this date, the population records a gradual decrease in number which started in general about 1 wk after the date of peak to become nil at the first 10-d of November.

The data show *O. agamemnon* a univoltine pest with a single population peak. These results are consistent with [@ieu118-B2] and [@ieu118-B3] . The peak of activity was generally recorded between the last week of July and the first week of August. The seasonal activity of this insect was night spread out over 5 mo it started from later May, earlier June until the first 10 d of November. This result corroborated the study of [@ieu118-B4] , in the oasis of Sultanate Oman, while [@ieu118-B2] pointed that adults showed from late March to till the end of September. The highest period of adult activity was during July and August, therefore, we have the possibility of application control program to adults in this period. High efficient of light trap in catch of adults to possibility will be used in integrate pest management programs to this pest.

### Nocturnal Activity

Although *O. agamemnon* is nocturnal beetle ( [@ieu118-B11] , [@ieu118-B3] ), no research has defined the timing and duration of night-time activity. The monitoring showed that there was a total of 140 adults of *O. agamemnon* arriving at luminous trap during the nocturnal periods (seven nights in August 2009), with an average of approximately 21 beetles by night. The cumulated number of adults in each hour during the period of survey ( [Fig. 4](#ieu118-F4){ref-type="fig"} ) showed that beetles exhibited highest activity between the first and the second hours after starting of activity that began 40 min after the sunset. Females of *O. agamemnon* were more active than males in the first, fourth, fifth, sixth, seventh, and the last hours of activity ( [Fig. 4](#ieu118-F4){ref-type="fig"} ). At the second hour, males were more attracted to the light then females. In the third, eighth, and ninth hours of nocturnal activity we registered an equal number between the two sexes.

![Nocturnal activity of *O. agamemnon* .](ieu118f4p){#ieu118-F4}

### The Sex-Ratio

The number of female is 4,220 and the number of males is 3,530 with a sex ratio (female:male) of 1.195 ( [Fig. 3](#ieu118-F3){ref-type="fig"} a--f). For the different years of survey, the sex ratio varied: 2.097 in 2004; 1.458 in 2005; 1.220 in 2007; 1.152 in 2007; 1.141 in 2009; and 1,042 in 2010.

At the first of seasonal activity and after the date of peak until the interruption of activity; for the different years of survey; we remarked that the number of trapped beetles fluctuated some time in favor of male other time in favor of female.

The peak is accompanied by a remarkable rising by the trapped females which exceeds the manpower of males ( [Fig. 3](#ieu118-F3){ref-type="fig"} b--f). At this date, the sex ratio was, respectively, as follows: 1.436 in 2005, 1.312 in 2006, 1.228 in 2007, 1.224 in 2009, and 1.173 in 2010. This conducts us to say that probably period of peak is the period of mating and reproduction for this genus. So, probably it was similar to the other species of *Oryctes* that the male *O.agamemnon* secreted a sexual pheromone to attract the female ( [@ieu118-B16] , [@ieu118-B17] , [@ieu118-B24] , [@ieu118-B25] ). So that, females stimulated by the smell of the pheromone left their galleries to search the target which can increase attraction of females at the light trap.

Concerning the nocturnal activity, the sex ratio of the trapped adults during the survey was 1.59. In the first hour, females showed more activity than males with a sex ratio of 6.66. In the second hour, the sex ratio was 0.56 ( [Fig. 4](#ieu118-F4){ref-type="fig"} ). In the fourth, fifth, sixth, and the seventh hours, the sex ratio became again in favor of females with a ratio of 1.83, 1.5, 2.66, and 3.66, respectively. In the third, eighth, and ninth hours, we registered the same number of adults whereas in the last hour of nocturnal activity there is a minor superiority of female against the male with a sex-ratio equal to 1.33.

In Tunisia, date palm culture is one of the important and strategic sectors in the national economy. In spite of this importance, date palm and their production are affected by many pests and diseases, from them the root-borer, *O. agamemnon* , which is an important insect pest on date palm trees in the south-west of Tunisia. The study revealed that the light trapping is an effective tool for the monitoring and forecasting of *Oryctes* infestations and it is useful in determining the flight pattern of the insect. The monitoring of the seasonal activity of the insect using a light trap revealed that the number of captured insect increases during the years of following, which indicates the increasing of beetle population in this region. The *O. agamemnon* is a univoltine species, their activity starts from late May to early June until the first 10 d of November. The populations peaked once each year generally between the last week of July and the first week of August, and the increasing of adults' number during the peak is accompanied by a remarkable rising by the trapped females which exceeds males. The survey of nocturnal activity of the insect showed that the insects started their activity 40 min after the sundown until 1 h before the sun rise, and the maximum number of captured adults was obtained in the two first hours, with a superiority in favor of female during the first hour, and in favor of male in the second hour.
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